The AW3D30 dataset is a publically available, high-accuracy digital surface model; the model's cited nominal elevation accuracy is 5 m (1σ). In order to verify the accuracy of AW3D30, we selected China as test area, and used field measurement points in the national control point image database as control data. The elevation accuracy of the field measurement points in the national control point image database is better than 1 m. The results show that the accuracy of the AW3D30 satisfies the requirement of 5 m nominal accuracy, and elevation accuracy reached 2 m (1σ). Accuracy is related to both terrain and slope. Accuracy is better in flat areas than in areas of complex terrain, and the eastern region of China is characterized by better accuracy than the western region.
INTRODUCTION
The Advanced Land Observing Satellite (ALOS) is a high-resolution three-line array stereo remote sensing surveying satellite launched by Japan Aerospace Exploration Agency (JAXA) on January 24, 2006. Its primary mission is to complete global key area 1:25000 scale terrain mapping (Rosenqvist et al., 2007; Shimada et al., 2010) . The Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) carried by ALOS has three 2.5-meter resolution panchromatic cameras that are used for front view, nadir view and rear view of earth observation along the track direction, respectively. Precise three-dimensional surface information can be obtained through front intersection processing (Takaku and Tadono, 2009; Rosenqvist et al., 2014) .
On May 31, 2016, JAXA released the ALOS Global Digital Surface Model "ALOS World 3D-30 m" (AW3D30). The model produced a global 30-meter grid using ALOS stereoscopic images with elevation nominal accuracy of 5 meters. The AW3D30 currently possesses the highest accuracy among global public digital elevation models. The accuracy has been verified in many countries around the world (Zhihua et al., 2017; Takaku et al., 2014; Tadono et al., 2014) .
In order to verify the accuracy of AW3D30 elevation data in China, we adopted the national control point image database as an evaluation benchmark. This image database is a core component of the Environment and Disaster Monitoring Engineering Based on Moonlet Constellation. The database contains a total of about 350,000 generalized control points, including about 73,000 field measurement control points. The initial aim of this database is to meet the need of matching with satellite optical images. The overall accuracy of the control point image database can meet plane and elevation requirements of national 1:50,000 scale mapping (Yu, 2012) . The elevation accuracy of the field measurement control points acquired by GPS-RTK (Global Position System Real Time Kinematic) included in the database is better than 1 m. Therefore, by using the control point image database as a control benchmark, we can precisely and objectively evaluate the elevation accuracy of AW3D30 data in China.
DATA DESCRIPTION

AW3D30
ALOS had been running on track for 5 years, acquiring a large number of image data with global coverage. AW3D30 data were generated from approximately 3 million ALOS PRISM 2.5 m resolution three-line array stereo imaging that, in general, covered global land areas. Due to the limitations of panchromatic camera imaging, there are few images for global waters. Thus, the AW3D30 data do not include information on ocean elevations.
The original digital surface model (DSM) data from AW3D30 are 5-meter grid digital images. However, because of the amount of data generated (and other reasons), JAXA only publicly released the 30 meter grid AW3D30 data. The released AW3D30 data contain two versions related to differences in the 5 to 30 meter down-sample processing: AVE and MED. AVE uses a mean filter to down-sample the raw data, whereas MED uses a median filter.
According to JAXA's release plan, AW3D30 data are divided into three versions. Currently released AW3D30 data belong to the version 1.1; the main date parameters associated with this version are shown in Table 1 (Takaku et al., 2016; Tadono et al., 2016) . Since the elevation type of AW3D30 data are normal height, it is necessary to introduce an geoid height when performing an elevation accuracy evaluation. In order to control the data on the same elevation reference, we used the EGM2008 model to calculate the geoid height of corresponding points (Pavlis et al., 2013; Hirt et al., 2011) . The control point image database contains about 350,000 generalized control points, most of which are pass points, as well as some field measurement points and measurement points obtained from largescale aeronautical digital orthography model (DOM). The accuracy of the pass points and the large-scale aeronautical DOM image internal collection points is lower than that of field acquisition measurement points. Therefore, only the field acquisition measurement points in the control point image database were selected as experimental control data. During the process of evaluating elevation accuracy of the DSM, there is no need to measure an image point; hence, there is no measurement error in this process. The accuracy of the selected elevation control data is better than 1 m (Yu, 2012) .
Control Point Image Database
RESEARCH METHOD
Nationwide Comprehensive Evaluation
At present, AW3D30 data cover all global lands, including the entire territory of China. In order to macroscopically verify the overall accuracy of the AW3D30 elevation data in China, we selected all the field measurement points in the national control point image database to evaluate the elevation accuracy of AW3D30 data in the coverage area. Then, we individually calculated each province as an independent sample to examine trends in the accuracy of the nationwide AW3D30 data based on a provincial division.
Typical Terrain Evaluation
China is vast, extending from a longitude of E73°33' to E135°05' and latitude of N3°51' to N53°33'. In general, China's terrain is elevated in the west and low in the east, and exhibits a ladder-like distribution. The mainland of China is topographically complex, and can be subdivided into five basic types of terrain: plateaus, mountains, plains, hills and basins. The basic terrain types in mainland China are shown in Table 2 .
Given the imaging mechanism of ALOS PRISM sensors, different terrain may exhibit different mapping accuracy. Therefore, in order to validate the elevation accuracy of AW3D30 data under different terrain conditions, we selected typical areas within the five terrain types for accuracy analysis, and quantitatively evaluated the elevation accuracy of AW3D30 data within each type of terrain. 
Evaluation based on Terrain Slope
The base-height ratio of a space-borne optics stereo camera is generally small compared with aerial photogrammetry. As a result, on-orbit imaging is greatly affected by the terrain. In areas with large topographic variations, the accuracy of stereoscopic plotting is often poor; therefore, accuracy of the AW3D30 in topographically complex areas needs to be examined under different slope conditions (Hodgson, 2005) . The slope of the terrain was calculated using the following expression (Zhihua et al., 2017) :
where ( ) , , x y z indicate the two-point three-dimensional coordinate values along the slope to be calculated.
Evaluation Method
We selected the field measurement control points in the national control point image database as control data for the accuracy evaluation. We directly used
X Y Z in the database as an evaluation benchmark, rather than the control point image. Specifically, values of ( ) , X Y were substituted into the AW3D30 data. These data can be interpolated to get corresponding elevation information. Bilinear interpolation method is applied (Qinghua et al., 2010; Arun, 2013) . As shown in figure 1, 
where x Δ and y Δ are the coordinate increments of point relative to point when the grid side length is 1. By using this interpolation method, we were able to obtain the elevation information that corresponds to the point. Invalid points were identified by the mask image among the AW3D30 auxiliary data, and gross errors in elevation differences (where a point with an absolute difference value between and greater than 100 m is defined as a gross error) were eliminated. Finally, we analyzed the accuracy of the AW3D30 in different confidence intervals. The elevation accuracy parameters mainly include the mean value, absolute mean value, standard deviation and root mean square error of the difference between and (Athmania and Achour, 2014). The specific formulas are as follows:
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The mean of the difference:
( )
Absolute mean value of the difference:
Root mean square error:
EXPERIMENT AND ANALYSIS
All field acquisition measurement points in the control point image database were selected for analysis, resulting in a total of about 73,000 points. They were even distributed in China. These points were substituted into the AW3D30 for obtaining elevation information. The pixel value obtained was the elevation value of the point. The difference between the elevation value obtained and value of the corresponding control point was then calculated to analyze the elevation accuracy. Moreover, differences between the histograms constructed for the AVE and MED data are sustainable. A histogram of elevation differences about AVE is shown in Figure 2 . Elevation difference calculated as the elevation of the control point minus the corresponding elevation contained in the AW3D30 dataset. Figure 2 shows that the elevation differences are normally distributed, and mainly concentrated around 0. Using all of the control points as benchmarks, we calculated the mean, absolute mean value, standard deviation and root mean square error of corresponding AW3D30. The overall accuracy determined for the entire country is shown in Table 3 . Accuracy of AW3D30 data in China fall within an elevation accuracy of 5 m (1σ), locally reaching 2 m (1σ). With regards to the 2σ confidence interval, the elevation accuracy reaches 5 m; in the 3σ confidence interval, elevation accuracy reaches 10 m. As presented in Table 3 , accuracy of the AVE and MED data is similar.
In order to evaluate whether the accuracy of the AW3D30 are related to the terrain, province was selected as a unit of study. The root mean square error of MED and control point data for each province, along with trends obtained on the overall accuracy are shown in figure 3 In general, accuracy of the AW3D30 elevation date in the eastern region is better than that in the western region, while accuracy in the northern region is slightly better than that in the southern region. Areas of high elevation accuracy are mainly concentrated in two regions: Inner Mongolia-northeast China and north China. Tibet has the lowest accuracy in elevation, followed by the regions of Yunnan-Sichuan-Qinghai-Xinjiang. In order to understand the impact of different terrain types on the accuracy of the AW3D30 data, we analyzed the accuracy associated with each of the five delineated terrains in China (Table 2) . Large sections representative of the typical terrain were used as experimental areas. We selected two experimental areas in every typical terrain, and these areas are different in landform. The field measurement points in the control point image database from these areas were used to calculate elevation accuracy parameters between the control point and AW3D30. Points with gross errors were removed. The obtained elevation accuracy within the 3σ confidence interval was then determined (Table 4) . Table 4 shows that the AW3D30 data coverage in the plateaus and mountains are significantly worse than in areas of plains, hills and basins (of which the Inner Mongolia Plateau is highly precise, primarily because the landscape consists of plateaus and the terrain is flat). Elevation accuracy of the AW3D30 covering plateaus is not as good as for the mountains. The plains have the best elevation accuracy, followed by hills and basins. The accuracy of MED is slightly better than that of AVE, especially in the case of flat terrain. Figure 4 suggests that accuracy is a function of slope, the elevation accuracy of AW3D30 is different in different terrain slopes. In order to analyze the specific impact, AVE AW3D30 data were examined as an example by sorting the national control points into different slope categories. The slope was calculated by four values in AW3D30 around the control point in the database; specifically, two points before and after the control point in the x direction and two points before and after the control point in the y direction. The sorting slope interval is 1°. We then calculated the corresponding root mean square error in each slope category, plotted the root mean square error value of the elevation according to slope variation, and used the exponential curve for fitting. Figure 4 shows that there is a strong statistically significant (R 2 = 0.9801) positive correlation between the elevation root mean square error and the slope in the AW3D30.
CONCLUSIONS
Approximately 73,000 highly precise field measurement points contained in the control point image database were used as elevation reference data. Accuracy of AW3D30 were analyzed at two different spatial scales, all of which showed that AW3D30 satisfies the nominal accuracy of 5 m (1σ) elevation. In general, the elevation accuracy of AW3D30 in China can reach 2 m (1σ), while most of AW3D30 exhibit an accuracy of better than 10 m (3σ). Moreover, an analysis of plateaus, mountains and other areas characterized by large topographic variations exhibited relatively poor accuracy. The accuracy of AW3D30 data for hills, basins, plains and other area with subdued topographic variations was better. The results of the provincial analysis show that the accuracy of the AW3D30 data gradually declines from the eastern region to the western region. Similarly, accuracy gradually decreases from the northern region to the southern region. The accuracy of AW3D30 also has a strong correlation to slope. The results obtained in this analysis demonstrate that the accuracy of AW3D30 in China can be effectively used in subsequent scientific studies or engineering practices.
